A sensor system for measurement of pressure and shear at the lower limb residuum/socket interface is described. The system comprises of a flexible sensor unit and a data acquisition unit with wireless data transmission capability. Static and dynamic performance of the sensor system was characterised using a mechanical test machine. The static calibration results suggest that the developed sensor system presents high linearity (linearity error ≤3.8%) and resolution (0.9kpa for pressure and 0.2kpa for shear). Dynamic characterisation of the sensor system shows hysteresis error of approximately 15% for pressure and 8% for shear. Subsequently, a pilot amputee walking test was conducted. Three sensors were placed at the residuum/socket interface of a knee disarticulation amputee and simultaneous measurements were obtained during pilot amputee walking test. The pressure and shear peak values as well as their temporal profiles are presented and discussed. * Corresponding Author: Piotr Laszczak, Engineering Materials Research Group, Faculty of Engineering and the Environment, University of Southampton, SO17 1BJ, Southampton, UK; Email, P.Laszczak@soton.ac.uk; Phone, 07513362435
Introduction

1
The socket is an essential component of any lower limb prosthesis pro-2 viding coupling between the artificial limb and the residuum of the amputee.
3
During daily physical activities, the residuum has to endure intensive and 4 prolonged loading at the residuum/socket interface. Such loads could lead 5 to discomfort, pain or even tissue breakdown. This, in turn, can result in 6 the formation of pressure ulcers (PUs) at the residuum [1] , known as stump 7 ulcers. The adverse effects of this condition could lead to periods of bedrest, 8 further surgical intervention, and/or rejection of the prostheses [2] . All of 9 these may be further exacerbated if the socket is poorly fitted.
10
Stresses in both normal (i.e. pressure, σ P ) and tangential (i.e. shear, 11 σ S ) directions exist at the residuum/socket interface, both of which may 12 be detrimental to the soft tissues of the residuum. Indeed, studies suggest 13 that shear may be at least equivalent to pressure as a causative factor for 14 2 soft tissue breakdown [3] . Therefore, its contribution to residuum tissue 15 health should not be understated, particularly considering that shear stresses 16 are unavoidable in both weight-bearing and suspension of the prosthesis [4] . 17 Hence, to minimise the risk of stump ulcers, it is critical to identify those 18 residuum areas which are highly exposed to both pressure and shear.
19
Nevertheless, most of the current stress monitoring technologies applied 20 at the residuum/socket interface, including a few commercial systems (e.g. 21 
Tekscan
TM [5] , Novel TM [6]), are not sensitive to σ S . A few tri-axial sen-
22
sors exist, however they require costly manufacturing techniques [7] , or are friendly sensor system that can be applied at the residuum/socket interface 27 to simultaneously measure dynamic σ P and σ S .
28
To address these issues, the authors have recently developed a capaci- 110kPa/s), which shows more gradual changes (Fig. 5a ). Given the reported typically provides a 'seating' interface for the amputees, σ P exhibited second 274 peak higher than the first one, while σ P at the anterior proximal significantly 275 reduced after the first peak. The latter effect may reflect that the subject 276 propels against the posterior wall, thereby off-loading the anterior location.
277
The results of the pilot walking test provide preliminary validation of our 278 sensor system for measuring dynamic pressure and shear stresses at the lower 279 limb residuum and the prosthetic socket interface. This is despite that the 
